Summary.
Transmission-electron microscopy of cat taste buds confirmed that, as in other mammals, each taste bud comprised four distinct types of cells: Type I, Type II, Type III (gustatory), and Type IV (basal) cells. Gustatory cells made synaptic contacts with nerves to which synaptic vesicles were gathered.
The following are the main findings on the cat gustatory cells: 1) The synaptic vesicles of gustatory cells were essentially all dense-cored in type; small clear vesicles, which usually are intermingled in other mammals, could not be found.
2) The vesicles were accumulated not only in the synaptic area but also in the basal cytoplasm. This implies endocrine and paracrine functions. 3) On the basis of the fine structure of the vesicles, two subtypes of gustatory cells were discriminated. A large part of the cells contained vesicles measuring about 180 nm in diameter, while a small part had smaller ones of about 100 nm in diameter. This is the first demonstration of a dual population of gustatory cells in mammals, suggesting different messenger substances utilized.
The taste bud is primarily a gustatoon-receptive neuroepithelial complex consisting of specialized epithelial cells and nerve fibers. Taste bud cells in most mammalian species previously investigated have been ultrastructurally classified into four cell types: Type I, Type II, Type III, and Type IV or basal cells (e.g., MURRAY et al., 1969; PARAN et al., 1975; TA-KEDA and HOsHINo, 1975; TAKEDA, 1976; FARBMAN et al., 1985; YosHIE et al., 1990; KANAZAWA, 1993) . Among these cell types, only the Type III cells are known to receive afferent innervation and, therefore, are considered to function in taste reception, deserving the term of gustatory cells. Together with other Type I and Type II cells, these cells are tall and spindly in shape extending apically to the taste pit through which they contact the oral cavity environment.
The ultrastructure of the gustatory cell is characterized by the occurrence of particular vesicles in the cytoplasm. Although these vary in size and appearance from species to species, they have been categorized into a small clear type (about 40 nm in diameter) and a large dense-cored type (70-100 nm in diameter) (for review, see REUTTER and WITT,1993) . As both types of vesicles tend to gather and accumulate in the presynaptic cytoplasm of gustatory cells, they are considered to be synaptic vesicles containing transmitters for the nerve. Our taste-stimulation studies in the guinea pig demonstrated that the gustatory cells exocytotically released the contents of dense-cored vesicles at their synapses after stimulation with various taste substances (YoSHIE et al., 1991 (YoSHIE et al., , 1994 .
With regard to the above-mentioned morphological features, especially of the synaptic vesicles, only a single type of gustatory cell for each animal species has been established, and none of the previous papers dealing with the ultrastructure of taste buds have demonstrated the occurrence of subtypes of gustatory cells.
The present paper deals with our findings that gustatory cells in the cat taste bud possess obviously different-appearing vesicles in the cytoplasm, accumulate dense-cored vesicles in the basal cytoplasm, and essentially lack the small clear vesicles.
MATERIALS AND METHODS
Five adult cats of both sexes weighing 3.5-5.5 kg donated by a municipal health center were used in this study. The animals were deeply anesthetized by an intraperitoneal injection of sodium pentobarbital (50 mg/kg body weight), and perfused through the carotid artery with 0.15 M phosphate-buffered saline (pH 7.3) and successively with 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.3). Circumvallate papillae were removed from the tongue and minced into small tissue specimens. These were further immersed in the fixative for 2 h at room temperature. After being rinsed in the buffer, they were post-fixed in 2 osmium tetroxide in the phosphate buffer for 2 h, dehydrated through a graded ethanol series and propylene oxide, and embedded in Epon 812. Ultrathin sections were made on an LKB microsome (Ultrotome V), mounted on copper grids, and doublestained in a saturated aqueous solution of uranyl acetate (20 min) and Reynolds' lead (13 min). The prepared sections were examined with a JEOL 1200EX transmission electron microscope under an accelerating voltage of 80 kV.
RESULTS
The present electron-microscopic examination indicated that the taste bud in the cat circumvallate papilla comprised four distinct types of cells. Ultrastructural features of each cell type fundamentally agreed with those already reported in many other mammalian species including the rabbit (MURRAY, 1971) , rat (TAKEDA and HosHINo, 1975) , mouse (TAKEDA, 1976) , guinea pig (YosHIE et al., 1990) , and dog (KANAZAWA,1993) . The taste bud cells in the cat, therefore, were designated as Type I, Type II, Type III, and Type IV (or basal) cells, in accordance with the original classification and nomenclature by MURRAY and his associates (MURRAY and MURRAY, 1967; MURRAY et al., 1969) . As further ultrastructural details of the cat taste bud will be described elsewhere (YosHIE et al., in preparation) , this report deals exclusively with the description of the Type III, i.e., gustatory cell.
The spindle-shaped gustatory cells extended apically to the taste pit and banally reached the basal lamina. Their apices formed brush border-like projections protruding into the taste pit. The cells were characterized by synapsing onto intragemmal nerve fibers and by containing round, dense-cored vesicles in the cytoplasm. The perinuclear cytoplasm developed rough endoplasmic reticulum and Golgi apparatus, and also scattered dense-cored vesicles (Figs. 1,  4) . These vesicles showed a distinct tendency to be accumulated towards the presynaptic area (Figs. 2, 4) and, noteworthily, also in the basal region of the cell (Figs. 3, 5) .
These gustatory cells could be classified into two categories with regard to the appearance and size of the vesicles as follows. A large part of the gustatory cells contained vesicles measuring 180 nm in the mean diameter (Figs. 1-3 ). These vesicles, shaped round or oval, were filled with a homogeneous material which varied in density among them from low to high (Fig. 6 ). They were dispersed in the perinuclear cytoplasm and accumulated not only in the pre-synaptic area but also in the basal region of the cell facing the basal lamina (Figs. 1-3) .
A second subtype of gustatory cell, though rare in occurrence, contained smaller vesicles measuring 100 nm in the mean diameter (Figs. 4, 5 ). Although these smaller vesicles were also dense-cored in nature, the core material appeared more or less heterogeneous. Electron-lucent halos were prominent in many of the vesicles; some other vesicles possessed spot-like cores (Figs. 5, 7) . Excluding the vesicles in question, the second subtype of cell revealed no ultrastructural features distinguishable from those of the first subtype. They also contacted the basal lamina, accumulating vesicles in the basal cytoplasm (Fig. 5) .
The vesicle morphology clearly demarcated between these two subtypes of gustatory cells; no vesicles showing either a transitional size or ultrastructure were shared by them. Of special interest was the fact that we could hardly find small clear vesicles in either subtype of gustatory cell.
DISCUSSION
The present study disclosed the existence of two kinds of cat gustatory cells, both containing densecored vesicles. The size and ultrastructure of the Taste Buds  425 vesicles apparently differed between the two subtypes of cells, and no cells revealing vesicles of an intermediate nature could be recognized. Consequently, it is reasonable to consider that this structural difference in the vesicles implies inherence rather than transitional stages during cell maturation. None of the previous ultrastructural studies of mammalian and submammalian taste buds, however, have discriminated, in the view of the vesicle morphology, any variations in gustatory cell types in identical species. This finding in the cat taste bud, therefore, should be the first report describing the dual appearance of gustatory cells in an identical species.
Another noteworthy finding of the present study is that the cat gustatory cell localized and accumulated transmitter-containing vesicles exclusive of a large dense-cored type at the synapse. We previously reported a corresponding case in the guinea pig-gustatory cell which exclusively contained dense-cored vesicles of 90 nm in the mean diameter (YOSHIE et al., 1990) . The canine gustatory cell also was characterized by numerous large dense-cored vesicles with a few small clear vesicles intermingled (KANAZAWA, 1993) . In most other mammalian species previously investigated, it has been established that gustatory cells contain predominantly small clear vesicles mingled with a few dense-cored ones (JEPPSSON, 1969; MURRAY et al., 1969; SANGIACOMO, 1970; PARAN et al., 1975; TAKEDA and HOSHINO, 1975; IDE and MUNGER, 1980; KONDO,1983; ZAHM and MUNGER, 1983; FARBMAN et al., 1985; FUJIMOTO et al., 1987) .
As is widely accepted in the corresponding vesicles/ granules in various other paraneurons, this type of dense-cored vesicle in the gustatory cells probably contains peptidic messenger substances. In fact, we have demonstrated Met-enkephalin-Arg6-Gly'-Leu8-like immunoreactivity in certain taste bud cells of several mammals, including guinea pigs (YOSHIE et al., 1993) .
It has been established in a variety of paraneurons that the structural diversity of the vesicles or granules reflects variations in their ingredients (i.e., messenger substances) (FUJITA et al., 1988) . Applying this rule to the cat taste bud, it seems reasonable to assume that the two subtypes of gustatory cells secrete different messenger substances. It will be an important task for future studies to investigate the secretions of the two subtypes of gustatory cells. Finally, the third remarkable finding was that all the gustatory cells observed reached down to the basal lamina, to which the dense-cored vesicles were gathered. This structure, which has been reported also in the canine taste bud (KANAZAWA, 1993) , reminds us of basal-granulated endocrine cells in the gut epithelium. Taking notice of the similarity in the polarity of secretory granules/vesicles between the gustatory cell and the gut endocrine cell, KANAZAWA (1993) hypothesized that the gustatory cells might release messenger substances contained in the vesicles not only towards nerves (synaptocrinia) but also into the subgemmal interstitium (paracrinia) and blood capillaries (endocrinia/hemocrinia).
One of the targets is presumed to be the Ebner's salivary gland located in the vicinity of the taste bud (FUJITA and KOBAYASHI, 1979 ; KANAZAWA, 1993) . This hypothesis has been supported by a taste-stimulation experiment in the guinea pig-taste bud: responding gustatory cells exocytosed the dense-cored vesicles at the nonsynaptic, basal aspect of the cell, in addition to the synaptic site (YOSHIE et al., 1991 (YOSHIE et al., , 1994 .
Figs. 4 and 5. Gustatory cells containing the smaller type of vesicles. Fig. 4 . Low-magnification view of a gustatory cell and associated nerves. This cell forms synapses with two nerves (N), towards which dense-cored vesicles gather. The supranuclear cytoplasm contains rough endoplasmic reticulum and Golgi apparatus.
x 10,000. Fig. 5 . Basal part of a gustatory cell. This part of the cell contains dense-cored vesicles of varying appearance, and synapses onto nerves (N). The cell base extends to the basal lamina (arrow). x 16,000
Figs. 6 and 7. Comparison of structural features between the large-vesicle (Fig. 6 ) and small-vesicle (Fig. 7) cells at a higher magnification.
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